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1
SEMICONDUCTOR STRUCTURES

BACKGROUND

Technical Field

The disclosure relates to a semiconductor structure, and
more particularly to a chip seal ring structure.

Description of the Related Art

In semiconductor manufacturing processes, a plurality of
dies including integrated circuits (ICs) can be fabricated
simultaneously on a semiconductor water. A seal ring struc-
ture may be disposed between each two adjacent dies to
protect the dies, so that the seal ring structure can protect the
integrated circuit in the dies from being damaged in the
subsequent dicing process.

Generally, the dies that include the integrated circuit on
the semiconductor waler are surrounded by a sealing ring
structure to 1solate the individual dies. During the dicing
process, the sealing ring structure can prevent the integrated
circuit 1n the die from being negatively aflected by external
stress and subsequent microcracks, preventing the invasion
ol moisture or chemical contaminants, and preventing elec-
trostatic discharge (ESD) from impacting the die.

While existing seal ring structures have been generally
adequate for their intended purposes, they have not been
satisfactory 1n all respects. There 1s a particular need for
turther 1mprovements 1n the protection that the seal ring
structure provides for the dies in semiconductor wafers.

SUMMARY

In one embodiment of the present disclosure, a semicon-
ductor structure 1s provided, wherein the semiconductor
structure includes a substrate, a first msulating layer, a
second 1nsulating layer, a first seal ring structure, a second
seal ring structure, and a passivation layer. The substrate has
a chip region and a seal ring region. The first mnsulating layer
1s disposed on the substrate. The second insulating layer 1s
disposed on the first insulating layer. The first seal ring
structure 1s disposed 1n the seal ring region and embedded 1n
the first insulating layer and the second insulating layer,
wherein the first seal ring structure comprises a stack of
metal layers. The second seal ring structure 1s disposed 1n the
seal ring region and embedded 1n the first insulating layer,
wherein the second seal ring structure comprises a polysili-
con ring structure. The passivation layer 1s disposed on the
second insulating layer and the first seal ring structure. From
a top view, the seal ring region surrounds the chip region,
wherein the second seal ring structure surrounds the chip
region and the first seal ring structure surrounds the second
seal ring structure.

In one embodiment of the present disclosure, a semicon-
ductor structure 1s provided, wherein the semiconductor
structure includes a substrate, an insulating layer, an outer
seal ring structure, an inner seal ring structure, and a
passivation layer. The substrate has a chip region and a seal
ring region. The mnsulating layer 1s disposed on the substrate.
The outer seal ring structure 1s disposed 1n the seal ring
region and embedded in the insulating layer, wherein the
outer seal ring structure comprises a stack of first metal
layers. The mnner seal ring structure 1s disposed 1n the seal
ring region and embedded 1n the nsulating layer, wherein
the inner seal ring structure comprises a stack of second
metal layers. The passivation layer 1s disposed on the outer
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2

seal ring structure and the mner seal ring structure. From a
top view, the seal ring region surrounds the chip region,
wherein the inner seal ring structure surrounds the chip
region and the outer seal ring structure surrounds the inner
seal ring structure, and the outer seal ring structure and the
iner seal ring structure form an H-shaped ring structure by
a plurality of block-shaped connecting portions.

In one embodiment of the present disclosure, a semicon-
ductor structure 1s provided, wherein the semiconductor
structure includes a substrate, a {first msulating layer, a
second msulating layer, an outer seal ring structure, an 1inner
seal ring structure, a polysilicon ring structure, and a pas-
sivation layer. The substrate has a chip region and a seal ring
region. The first insulating layer 1s disposed on the substrate.
The second 1nsulating layer 1s disposed on the first insulating
layer. The outer seal ring structure 1s disposed 1n the seal ring
region and embedded in the first msulating layer and the
second msulating layer, wherein the outer seal ring structure
comprises a stack of first metal layers. The inner seal ring
structure 1s disposed 1n the seal ring region and embedded 1n
the first insulating layer and the second insulating layer,
wherein the mner seal ring structure comprises a stack of
second metal layers, wherein the outer seal ring structure
and the inner seal ring structure form an H-shaped ring
structure by a plurality of block-shaped connecting portions.
The polysilicon ring structure 1s disposed in the seal ring
region and embedded i the first insulating layer. The
passivation layer 1s disposed on the second insulating layer,
the outer seal ring structure, and the 1nner seal ring structure.
From a top view, the seal ring region surrounds the chip
region, wherein the polysilicon ring structure surrounds the
chip region, and the H-shaped ring structure surrounds the
polysilicon ring structure.

BRIEF DESCRIPTION OF THE DRAWINGS

Aspects of this disclosure are best understood from the
following detailed description when read with the accom-
panying figures. It should be noted that, 1n accordance with
common practice in the industry, various features are not
drawn to scale. In fact, the dimensions of the wvarious
features may be arbitrarily increased or reduced for clarity of
discussion.

FIG. 1 1s a top-view diagram 1illustrating a portion of an
exemplary semiconductor structure according to some
embodiments of the present disclosure.

FIG. 2-1 1s a top-view diagram illustrating a portion of an
exemplary semiconductor structure according to some
embodiments of the present disclosure.

FIG. 2-2 1s a top-view diagram corresponding to a cross-
section of a portion of an exemplary semiconductor structure
according to some embodiments of the present disclosure.

FIG. 2A-1 1s a cross-sectional diagram illustrating a
semiconductor structure along the line segment A-A' shown
in FIG. 2-1 according to some embodiments of the present
disclosure.

FIG. 2A-2 1s a cross-sectional diagram illustrating a
semiconductor structure along the line segment A-A' shown
in FIG. 2-1 according to other embodiments of the present
disclosure.

FIG. 2A-3 1s a cross-sectional diagram illustrating a
semiconductor structure along the line segment A-A' shown
in FIG. 2-1 according to other embodiments of the present
disclosure.
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FIG. 2B 1s a cross-sectional diagram 1llustrating a semi-
conductor structure along the line segment B-B' shown 1n

FIG. 2-1 according to some embodiments ol the present
disclosure.

FIG. 3 1s a top-view diagram 1llustrating a portion of an
exemplary semiconductor structure according to other
embodiments of the present disclosure.

FIG. 4 1s a top-view diagram 1llustrating a portion of an
exemplary semiconductor structure according to other
embodiments of the present disclosure.

FIG. § 1s a top-view diagram 1llustrating a portion of an
exemplary semiconductor structure according to other
embodiments of the present disclosure.

FIG. 6 1s a top-view diagram 1llustrating a portion of an
exemplary semiconductor structure according to another
embodiment of the present disclosure.

FIG. 6A 1s a cross-sectional diagram illustrating a semi-
conductor structure along the line segment A-A' shown 1n
FIG. 6 according to another embodiment of the present
disclosure.

FIG. 6B 1s a cross-sectional diagram illustrating a semi-
conductor structure along the line segment B-B' shown 1n
FIG. 6 according to another embodiments of the present
disclosure.

FIG. 7 1s a top-view diagram 1llustrating a portion of an
exemplary semiconductor structure according to yet other
embodiments of the present disclosure.

FIG. 7A 1s a cross-sectional diagram illustrating a semi-
conductor structure along the line segment A-A' shown 1n
FIG. 7 according to yet other embodiments of the present
disclosure.

FIG. 8 1s a top-view diagram 1llustrating a portion of an
exemplary semiconductor structure according to other
embodiments of the present disclosure.

FIG. 9 15 a top-view diagram 1llustrating a portion of an
exemplary semiconductor structure according to other
embodiments of the present disclosure.

DETAILED DESCRIPTION

The following disclosure provides many different
embodiments, or examples, for implementing diflerent fea-
tures of the subject matter provided. These are, of course,
merely examples and are not intended to be limiting. For
example, the formation of a first feature over or on a second
feature 1n the description that follows may include embodi-
ments 1n which the first and second features are formed in
direct contact, and may also 1include embodiments 1n which
additional features may be formed between the first and
second features. In addition, the present disclosure may
repeat reference numerals and/or letters in the various
examples. This repetition 1s for the purpose of simplicity and
clarity and does not in itself dictate a relationship between
the various embodiments and/or configurations discussed.

Furthermore, spatially relative terms, such as “over”,
“below,” “lower,” and the like, may be used herein for ease
of description to describe one element or feature’s relation-
ship to another element(s) or feature(s) as illustrated in the
figures. The spatially relative terms are intended to encom-
pass diflerent orientations of the device 1n use or operation
in addition to the orientation depicted 1n the figures. The
apparatus may be otherwise oriented and the spatially rela-
tive descriptors used herein may likewise be interpreted
accordingly.

The terms “about”, “approximately”, and “substantially™
used herein generally refer to the value of an error or a range
within 20 percent, preferably within 10 percent, and more
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4

preferably within 5 percent, within 3 percent, within 2
percent, within 1 percent, or within 0.5 percent. If there 1s no
specific description, the values mentioned are to be regarded
as an approximation that 1s an error or range expressed as
“about”, “approximate”, or “substantially™.

Although some embodiments are discussed with opera-
tions performed 1n a particular order, these operations may
be performed 1n another logical order. Additional features
can be provided to the semiconductor structures 1n embodi-
ments of the present disclosure. Some of the features
described below can be replaced or eliminated for different
embodiments.

The present disclosure provides embodiments of a semi-
conductor structure which includes a seal ring region dis-
posed between a chip region and a scribe line region,
wherein the seal ring region includes a seal ring structure
surrounding the chip region. In an embodiment of the
present disclosure, a polysilicon ring structure serves as a
seal ring to prevent mechanical damage to the dies during
the dicing process and prevent the mnvasion of moisture and
chemical contaminants, and thus the seal ring structure’s
protection of the dies can be eflectively enhanced, and the
area of the seal ring region can be reduced further.

First, please refer to FIG. 1, which 1s a top-view diagram
illustrating a portion of an exemplary semiconductor struc-
ture 100 according to an embodiment of the present disclo-
sure. According to some embodiments of the present dis-
closure, the semiconductor structure 100 includes a chip
region 101, a seal ring region 103 surrounding the chip
region 101, and a scribe line region 102 surrounding the seal
ring region 103. The chip region 101 can be used to form
various semiconductor components therein. For example,
the semiconductor components may include such as tran-
sistors, diodes, or other active components. The semicon-
ductor components may also include such as resistors,
capacitors, inductors, or other passive components. The seal
ring region 103 can be used to form one or more seal ring
structures therein, wherein the seal ring structures are used
to protect the 1nner structures of dies. A dicing process can
be performed 1n the scribe line region 102 on the wafer. As
shown 1n FIG. 1, the seal ring region 103 includes a first seal
ring structure 104 and a second seal ring structure 105,
where the first seal ring structure 104 includes a stack of
metal layers and the second seal ring structure 103 1includes
a polysilicon ring structure. From a top view, according to
some embodiments of the present disclosure, the second seal
ring structure 105 surrounds the chip region 101 and the first
seal ring structure 104 surrounds the second seal ring
structure 105.

FIG. 2-1 1s a top-view diagram 1illustrating a portion of an
exemplary semiconductor structure 200, according to some
embodiments of the present disclosure. In some embodi-
ments, the difference between FIG. 2-1 and FIG. 1 i1s that the
seal ring region 103 shown 1n FIG. 2-1 includes two second
seal ring structures 105, 106 having polysilicon ring struc-
tures. It should be noted that although there are merely one
first seal ring structure 104 and two second seal ring struc-
tures 105, 106 1llustrated 1n FIG. 2-1, the numbers of the first
seal ring structure 104 and the second seal ring structure 105
included 1n the embodiments of the present disclosure are
not limited thereto.

Next, please refer to FIG. 2-1 along with FIGS. 2-2, 2A-1,
2A-2, 2A-3, and 2B. FIG. 2-2 illustrates a top-view diagram
corresponding to a cross-section of a portion of an exem-
plary semiconductor structure 200. FIGS. 2A-1, 2A-2, and
2A-3 are a cross-sectional diagram along the line segment
A-A' shown 1 FIG. 2-1, according to various embodiments
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of the present disclosure. FIG. 2B 1s a cross-sectional
diagram along the line segment B-B' shown n FIG. 2-1. It
should be noted that FIGS. 2-2, 2A-1, 2A-2, 2A-3, and 2B
do not 1llustrate all of the elements of a semiconductor 200
for the purpose of simplicity and clarity.

As shown 1n the cross-sectional diagram of FIG. 2A-1 and
the top-view diagram of FIG. 2-1, according to some
embodiments of the present disclosure, the substrate 201 can
be divided into the chip region 101, the seal ring region 103,
and the scribe line region 102. In some embodiments, the
substrate 201 may be a semiconductor substrate, such as a
silicon substrate, but the embodiments of the present dis-
closure 1s not limited thereto. For example, the substrate 201
may be an elemental semiconductor including germanium, a
compound semiconductor including gallium nitride, silicon
carbide, gallium arsenide, gallium phosphide, indium phos-
phide, indium arsenide, and/or indium antimonide, an alloy
semiconductor including Si1Ge, GaAsP, AllnAs, AlGaAs,
(GalnAs, GalnP, and/or GalnAsP, or a combination thereof.
In other embodiments, the substrate 201 may also be a
semiconductor on insulator substrate, the semiconductor on
insulator substrate may include a substrate, a buried oxide
layer disposed on the substrate, and a semiconductor layer
disposed on the buried oxide layer. In addition, the conduc-
tivity type of the substrate 201 may be N-type or P-type.

In some embodiments, an 1solation structure 202 can be
included 1n the substrate 201 to define the chip region 101
and to electrically 1solate the semiconductor components
(not shown) in or on the chip region 101 of the substrate 201.
In addition, an 1solation structure 203 may also be included
in the substrate 201 to separate the seal ring region 103 and
the scribe line region 102. In some embodiments, the
isolation structures 202, 203 may include shallow trench
isolation (STI) structures, local oxidation of silicon (LO-
COS) structures, other suitable 1solation features, or a com-
bination thereof. The materials of the 1solation structures
202, 203 may include silicon dioxide, nitrogen-doped sili-
con oxide, silicon nitride, silicon oxynitride, or other similar
materials.

In some embodiments, the substrate 201 1n the seal ring
region 103 may include a doped region 204 near the upper
surface of the substrate 201, and the doped region 204 1s
disposed between the 1solation structure 202 and the 1sola-
tion structure 203. The conductivity type of the doped region
204 may depend on the circuit layout inside the chip region
101. In some embodiments, the doped region 204 may be
p-type, and the dopant of which may be such as B, Al, Ga,
In, BF’* ions, or a combination thereof. In other embodi-
ments, the doped region 204 may be n-type, and the dopant
of which may be such as P, As, N, Sb ions, or a combination
thereof.

As shown in FIG. 2A-1, an iterlayer dielectric (ILD)
layer 211 1s disposed on the substrate 201 and covers the
1solation structures 202, 203, and the doped region 204.
There are one or more inter-metal dielectric (IMD) layers
212 disposed on the interlayer dielectric layer 211. It should
be noted that only a single inter-metal dielectric layer 212 1s
illustrated 1n the FIG. 2A-1, but the number of layers
included in the inter-metal dielectric layer 212 1s not limited
thereto.

In some embodiments, the iterlayer dielectric layer 211
and the inter-metal dielectric layer 212 may be made of the
same or different materials. For example, the materials of the
interlayer dielectric layer 211 and the inter-metal dielectric
layer 212 may respectively include single layer or multi-
layers of dielectric materials, such as silicon oxide, silicon
nitride, silicon oxynitride, tetracthoxysilane (TEOS), phos-
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phosilicate glass (PSG), borophosphosilicate glass (BPSG),
low-k dielectric materials, and/or other suitable dielectric
materials. The low-k dielectric materials may include fluo-
rinated silica glass (FSG), hydrogen silsesquioxane (HSQ),
carbon-doped siliconoxide, amorphous fluorinated carbon,
parylene, bis-benzocyclobutenes (BCB), or polyimide, but
not limited thereto. For example, the interlayer dielectric
layer 211 and one or more inter-metal dielectric layers 212
may be formed by spin coating, chemical vapor deposition
(CVD), physical vapor deposition (PVD), atomic layer
deposition (ALD), high density plasma CVD (HDPCVD),
other suitable methods, or a combination thereof.

The interlayer dielectric layer 211 1s used to 1solate the
semiconductor components and metal layers on the sub-
strate, and the inter-metal dielectric layer 212 1s used to
1solate the metal layers of different layers. According to the
embodiments of the present disclosure, although the inter-
layer dielectric layer 211 and the inter-metal dielectric layer
212 may include the same material, the boundary between
the interlayer dielectric layer 211 and the inter-metal dielec-
tric layer 212 may be defined by using the lower surface of
the bottommost metal layer 208 (1.e. the first layer of metal
wires, or so-call “Metal 1) as a baseline. In some embodi-
ments, the interlayer dielectric layer 211 1s defined as the
dielectric layer below the lower surface of the bottommost
metal layer 208, and the inter-metal dielectric layer 212 1s
defined as the dielectric layer above the lower surface of the
bottommost metal layer 208.

In the seal ring region 103 1illustrated in FIG. 2A-1, the
first seal ring structure 104, the second seal ring structure
105, and the second seal ring structure 106 are arranged
sequentially and 1n order toward the chip region 101 1n the
seal ring region 103. According to some embodiments of the
present disclosure, as shown 1n FIG. 2A-1, the first seal ring
104 may include a stack of metal layers which consists of a
plurality of first contacts 205, a plurality of vias 206, 207,
and metal layers 208, 209, and 210. The second seal ring
structure 105 may include a polysilicon ring structure 1038
and a second contact 105A disposed on the polysilicon ring
structure 105B. The second seal ring structure 106 may
include a polysilicon ring structure 1068 and a second
contact 106 A disposed on the polysilicon ring structure
106B.

Subsequently, in order to more clearly describe the shape
of the vias and the contacts, please refer to FIG. 2A-1 along
with FIG. 2-2, which 1s the top-view diagram corresponding
to a cross-section of a portion of the exemplary semicon-
ductor structure 200. It should be noted that FIG. 2-2 mainly
illustrates the cross-sectional shape of the wvias and the
contacts to highlight the technical features of the present
disclosure, and not all the elements of the semiconductor
structure 200 are 1llustrated in FIG. 2-2. According to some
embodiments of the present disclosure, the cross-sections of
the plurality of first contacts 2035 and/or the plurality of vias
206, 207 included 1n the first seal ring structure 104 may be
ring-shaped vias from a top view. The contour of the
ring-shaped via may be substantially similar to the ring-
shaped contour of the first seal ring structure 104 illustrated
in FIG. 2-1. For the purpose of simplicity and clarity, the
vias 206, 207 are not illustrated 1n FIG. 2-2, and the contours
of the vias 206, 207 may be substantially the same as the
ring-shaped contour of the first contact 205. In some
embodiments, the second contacts 105A, 106A included 1n
the second seal ring structures 105, 106 are discrete ring-like
vias. Specifically, the discrete ring-like vias 1n the top-view
diagram corresponding to a cross-section 1illustrated FIG.
2-2 has a ring-like contour composed of discrete vias. It
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should be noted that the shapes, numbers, and arrangements
of the vias and contacts illustrated in FIG. 2-2 are merely
exemplary, and the present disclosure 1s not limited thereto.

In some embodiments, the first contacts 205 1ncluded 1n
the first seal ring structure 104 are embedded in the inter-
layer dielectric layer 211 and contact the doped region 204
of the substrate 201. The vias 206, 207, and the metal layers
208, 209, and 210 included in the first seal ring structure 104
are embedded 1n the inter-metal dielectric layer 212, wherein
the metal layers 208, 209, and 210 are electrically connected
with each other by the vias 206, 207. In some embodiments,
the bottommost metal layer 208 1s electrically connected to
the first contacts 205. According to some embodiments of
the present disclosure, by providing the doped region 204 in
contact with the first contacts 205, the resistance between the
first contacts 205 and the substrate 201 may be reduced. In
this way, the static electricity generated during the dicing
process can be eflectively discharged to the substrate 201
through the first sealing ring structure 104, and thereby the
impact of electrostatic discharge (ESD) on the dies can be
reduced.

In some embodiments, a photolithography process, an
etching process, other suitable processes, or a combination
thereol may be used to form openings in the interlayer
dielectric layer 211 and the inter-metal dielectric layer 212.
Then, the openings are filled with conductive materials to
form the first contacts 205 and the vias 206, 207. In some
embodiments, the conductive materials of the first contacts
205 and the vias 206, 207 may include metal (e.g. tungsten,
aluminum, or copper), metal alloy, other suitable conductive
materials, or a combination thereof. For example, the con-
ductive materials may be deposited 1n the openings to form
the first contacts 205 and the vias 206, 207 by a process such
as a physical vapor deposition (PVD) process (e.g. evapo-
ration or sputtering), plating, an atomic layer deposition
(ALD) process, other suitable processes, or a combination
thereof.

In some embodiments, the metal layers 208, 209, and 210
may include Cu, W, Ag, Sn, N1, Co, Cr, Ti1, Pb, Au, B1, Sb,
/n, Zr, Mg, In, Te, Ga, other suitable metal matenals, an
alloy thereof, or a combination thereof. In some embodi-
ments, metal layers may be blanketly deposited on the
interlayer dielectric layer 211 and in the inter-metal dielec-
tric layer 212 by a process such as a physical vapor depo-
sition (PVD) process, plating, an atomic layer deposition
(ALD) process, other suitable processes, or a combination
thereof. In addition, 1n some embodiments, the damascene
process may be used to form the patterned metal layers 208,
209, and 210. It should be noted that the numbers of the first
contacts, vias, and metal layers are merely exemplary, and
the embodiments of the present disclosure i1s not limited
thereto.

As shown in FIG. 2A-1, 1n some embodiments, the second
seal ring structures 105, 106 are merely embedded in the
interlayer dielectric layer 211. In other words, the second
seal ring structures 105, 106 are disposed between the
bottommost metal layer 208 and the substrate 201. Accord-
ing to some embodiments of the present disclosure, the
second seal ring structures 1035, 106 respectively includes
the second contacts 105A, 106A, and the polysilicon ring
structures 10358, 106B. In some embodiments, the polysili-
con ring structures 1058, 106B are disposed on the 1solation
structure 202 of the substrate 201. The second contacts
105A, 106A are respectively disposed on the polysilicon
ring structures 105B, 106B and merely embedded in the
interlayer dielectric layer 211 without extending into the
inter-metal dielectric layer 212. In some embodiments, the
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second contacts 105A, 106A and the first contacts 205
directly contact the bottommost metal layer 208. According
to other embodiments of the present disclosure, the second
seal ring structures 105, 106 do not include the second
contacts 105A, 106A (not shown) which are respectively
disposed on the polysilicon ring structures 105B, 106B 1n
the atorementioned embodiments. In such cases, the top
surface of the polysilicon ring structures 1058, 1068 are
embedded 1n the interlayer dielectric layer 211 without being
in contact with the metal layer 208.

In some embodiments, the materials and the formation
methods of the second contacts 105A, 106 A are substan-
tially the same as those of the first contacts 205 and the vias
206, 207. The details are not described again herein to avoid
repetition. In some embodiments, the polysilicon ring struc-
tures 105B, 106B are made of polysilicon and may be
formed by such as chemical vapor deposition (CVD) pro-
CEesS.

As shown 1 FIG. 2A-1, 1n some embodiments, a passi-
vation layer 213 1s disposed on the inter-metal dielectric
layer 212 and covers the first seal ring structure 104. The
passivation layer 213 can protect the underlying layers and
provide physical isolation and structural support. For
example, the passivation layer 213 may include S10,, SiN;,
S1ION, AlL,O,, AN, polyimide (PI), benzocyclobutene
(BCB), polybenzoxazole (PBO), other suitable matenals, or
a combination thereof. In some embodiments, the passiva-
tion layer 213 may be formed by chemical vapor deposition
(CVD), spin-coating, other suitable methods, or a combina-
tion thereof. In some embodiments, a chemical mechanical
polish (CMP) process may be performed to make the
passivation layer 213 have a planar or a substantially planar
top surface. In some embodiments, an opening O can be
formed 1n the passivation layer 213 to expose the inter-metal
dielectric layer 212 between the seal ring region 103 and the
scribe line region 102. When performing the dicing process
in the scribe line region 102, the opening O can reduce the
transier of external stress to the seal ring region 102.

According to the embodiments of the present disclosure,
as shown 1n FIG. 2A-1, the width of the second seal ring
structures 105, 106 1s the first width W1. In some embodi-
ments, the first width W1 1s in a range from about 0.2
micrometers (um) to about 10 um. The width of the second
seal ring structure 105 may be the same as or different from
the width of the second seal ring structure 106. The distance
between the first seal ring structure 104 and the second seal
ring structure 105 1s the first distance D1, the distance
between the second seal ring structure 105 and the second
seal ring structure 106 1s the second distance D2, and the
distance between the edge of the seal ring region 103 adjoin
the chip region 101 and the edge of the metal layer 209 of
the first seal ring structure 104 adjoin the chip region 101 1s
t
C

e third distance D3. In some embodiments, the first
1stance D1 1s in a range from about 0.2 um to about 10 um,
and the second distance D2 1s also 1n a range from about 0.2
um to about 10 um. In some embodiments, the third distance
D3 1s not less than 10 um. For example, the third distance D3
1s 1n a range from about 10 um to about 100 um. In some
embodiments, the distance between the polysilicon ring
structures 1058, 106B included in the second seal ring
structures 105, 106 1s substantially the same as the second
distance D2, such as 1n a range from about 0.2 um to about
10 um.

In some embodiments, along the direction from the seal
ring region 103 toward the chip region 101, from the first
seal ring structure 104 as the starting point, a second seal
ring structure may be added every 0.2 um to about 10 um.
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For example, more than three second sealing ring structures
can be provided (not shown). It should be noted that
although FIG. 2A-1 merely illustrated two second seal ring
structures 105, 106, the number of the second seal ring
structures 1s not limited thereto. By the structure and
arrangement in the seal ring region 103, in addition to
preventing mechanical damage of the die during the dicing
process and preventing the invasion of moisture and chemi-
cal contaminants, the internal stress which may negatively
allect the interior structure during the manufacturing process
can also be prevented. Therefore, the protection that the seal
ring structure provides to the dies can be eflectively
enhanced and thereby increase the eflective active area of
the chip region within the seal ring structure.

Please refer to FIG. 2A-1 along with FIG. 2B. FIG. 2B 1s
a cross-sectional diagram along the line segment B-B' of the
chip region and the seal ring region shown in FIG. 2-1,
according to some embodiments of the present disclosure.
FIG. 2B 1llustrates a portion of structures in the chip region
101 and a portion of structures in the seal ring region 202,
wherein details regarding the portion of structures in the seal
ring region 202 can be found 1n the description of FIG. 2A-1.
As shown 1n FIG. 2B, the chip region 101 includes a source
region 214 and a drain region 215 disposed 1n the substrate
201, a gate structure 216 embedded 1n the iterlayer dielec-
tric layer 211, gate spacers 217 disposed on the opposite
sides of the gate structure 216, and a gate contact 218
disposed on the top surface of the gate structure 216. In some
embodiments, the gate contact 218 directly contacts the
bottommost metal layer 208.

According to some embodiments of the present disclo-
sure, the gate structure 216 and the polysilicon ring struc-
tures 105B, 106B are in the same level. In some embodi-
ments, the gate structure 216 and the polysilicon ring
structures 103B, 106B are formed by patterning the same
polysilicon layer. In some embodiments, the materials and
the formation methods of the gate contact 218 are substan-
tially the same as those of the second contacts 105A, 106 A.
The gate contact 218 and the second contacts 105A, 106 A
may be formed simultaneously 1n the same process, so the
details are not described again herein to avoid repetition. By
forming the polysilicon ring structures 105B, 106B which
are included in the second seal rning structures 105, 106
simultaneously 1n the formation process of gate structure, a
more complete protection of the chip region 101 can be
provided without adding additional process costs. In other
embodiments, the materials and the formation methods of
the gate structure are substantially the same as those of the
metal layers 208, 209, and 210. The details are not described
again herein to avoid repetition.

Subsequently, please refer to FIG. 2A-2. FIG. 2A-2 15 a
cross-sectional diagram along the line segment A-A' of the
seal ring region shown in FIG. 2-1, according to other
embodiments of the present disclosure. The difference
between the structure shown in FIG. 2A-2 and the structure
shown 1n FIG. 2A-1 1s that the polysilicon ring structures
1058, 1068 and the first contacts 205 are disposed on the
doped region 204 of the substrate 201 1n FIG. 2A-2. The
structure 1n the seal nng region 103 illustrated in FIG. 2A-2
1s substantially the same as the structure illustrated 1in FIG.
2A-1. Theretfore, the materials and formation methods of the
first seal ring structure 104 and the second seal ring struc-
tures 105, 106 are not described again heremn to avoid
repetition.

Subsequently, please refer to FIG. 2A-3. FIG. 2A-3 15 a
cross-sectional diagram along the line segment A-A' of the
seal ring region shown in FIG. 2-1, according to other
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embodiments of the present disclosure. The difference
between the structure shown in FIG. 2A-3 and the structure
shown in FIG. 2A-1 1s that the polysilicon ring structures
105B 1ncludes two layers of polysilicon layers 105B', 105B"
and a dielectric layer 105C disposed between the polysilicon
layers 105B', 105B", and the polysilicon ring structures
1068 includes two layers of polysilicon layers 106B', 106B"
and a dielectric layer 106C disposed between the polysilicon
layers 106B', 106B". The structures of the polysilicon ring
structures 103B, 106B may vary depending on the manu-
facturing process of the components 1n the active region. For
example, 1n the embodiment which includes the process for
forming multi-gate structures 1n the active region, the poly-
silicon layer 105B', the dielectric layer 105C, and the
polysilicon layer 105B" included in the polysilicon ring
structures 105B can be formed sequentially in accordance
with the process for forming multi-gate structures, and the
polysilicon layer 106B', the dielectric layer 106C, and the
polysilicon layer 106B" included in the polysﬂlcon ring
structures 106B can also be formed sequentially 1n accor-
dance with the process. In some embodiments, the polysili-
con ring structure including two or more layers (not shown)
of polysilicon layers provides better mechanical strength
than the polysilicon ring structure merely including a single
polysilicon layer. Thus, the protection around the chip
region to 1solate the internal stress and external stress can be
enhanced.

In some embodiments, the materials of the dielectric
layers 105C, 106C may include silicon oxide, silicon nitride,
silicon oxynitride, high-k dielectric matenals, other suitable
materials, or a combination thereof. The dielectric layers
105C, 106C may be formed by chemical vapor deposition
(CVD), atomic layer deposition (ALD), other suitable meth-
ods or a combination thereof.

FIG. 3 1s a top-view diagram 1illustrating a portion of an
exemplary semiconductor structure 300, according to other
embodiments of the present disclosure. In some embodi-
ments, the semiconductor structure 300 1llustrated in FIG. 3
1s substantially the same as the semiconductor structure 100
illustrated in FIG. 1, and the difference 1s that the polysilicon
ring structures 105B 1ncluded 1n the second seal ring struc-
ture 105 of the semiconductor structure 300 has a plurality
of protruding portions 301 which protrude beyond two
opposite sides of the polysilicon ring structures 105B. In
some embodiments, the protruding portions 301 are formed
of polysilicon, and the protruding portions 301 and the
polysilicon ring structures 105B are formed simultaneously
in the same process. By the arrangement of the polysilicon
ring structures 105B having protruding portions 301
included 1n the second seal ring structure 105, the contact
area between the second sealing ring structure 105 and the
interlayer dielectric layer 211 can be increased, and thereby
the cushioning eflect to prevent the internal stress and
external stress around the chip region can be enhanced.

FIG. 4 1s a top-view diagram illustrating a portion of an
exemplary semiconductor structure 400, according to other
embodiments of the present disclosure. In some embodi-
ments, the semiconductor structure 400 1llustrated in FI1G. 4
1s substantially the same as the semiconductor structure 200
illustrated 1n FIG. 2-1, and the difference 1s that the poly-
s1licon ring structures 1058, 1068 which are included in the
second seal ring structures 105, 106 are connected to each
other by a plurality of block-shaped connecting portions 401
to form an H-shaped ring structure. In some embodiments,
the block-shaped connecting portions 401 are formed of
polysilicon, and the block-shaped connecting portions 401
and the polysilicon ring structures 1058 are formed simul-
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taneously 1n the same process. By the arrangement of the
H-shaped ring structure of the second seal ring structures
105, 106, the second seal ring structures 105, 106 may be
firmer. The contact area between the second sealing ring
structures 105, 106 and the interlayer dielectric layer 211 can
be increased, and thereby better mechanical strength can be
provided and the cushioning eflect to prevent the internal
stress and external stress around the chip region can be
enhanced.

FIG. 5 1s a top-view diagram 1llustrating a portion of an
exemplary semiconductor structure 500, according to other
embodiments of the present disclosure. In some embodi-
ments, the semiconductor structure 500 1llustrated in FIG. 5
1s substantially the same as the semiconductor structure 200
illustrated 1n FIG. 2-1, and the difference 1s that the poly-
silicon ring structure 105B included 1n the second seal ring
structure 105 of the semiconductor structure 300 has a
plurality of protruding portions 501A, and the polysilicon
ring structure 106B 1ncluded 1n the second seal ring structure
106 of the semiconductor structure 500 has a plurality of
protruding portions 501B. The protruding portions 501A
protrude beyond two opposite sides of the polysilicon ring,
structures 10358, and the protruding portions 301B protrude
beyond two opposite sides of the polysilicon ring structures
106B. The protruding portions 301A and the protruding
portions 501B are arranged 1n a staggered order. In some
embodiments, the protruding portions 501A, 501B are
formed of polysilicon, and the protruding portions S01A,
501B and the polysilicon ring structures 105B, 106B are
formed simultaneously 1n the same process. By the arrange-
ment of the polysilicon ring structures 1058, 1068 having
protruding portions S01A, 501B included in the second seal
ring structures 105, 106, the contact area between the second
sealing ring structures 1035, 106 and the interlayer dielectric
layer 211 can be increased, and thereby the 1solation and the
cushioning eflect to prevent the internal stress and external
stress around the chip region can be enhanced.

According to FIGS. 1-5, the semiconductor structures
100, 200, 300, 400, and 500 provided in the embodiments of
the present disclosure include the first seal ring structure 104
and one or more second seal ring structures including the
polysilicon ring structure. By the shape, structure, and
arrangement of the polysilicon ring structure included in the
second seal ring structure, the mechanical damage of the die
during the dicing process and the imnvasion of moisture and
chemical contaminants can be prevented. Therefore, the
protection that the seal ring structure provides to the dies can
be eflectively enhanced and thereby increase the effective
active area of the chip region within the seal ring structure.

Please refer to FIG. 6. FIG. 6 1s a top-view diagram
illustrating a portion of an exemplary semiconductor struc-
ture 600, according to another embodiment of the present
disclosure. As shown in FIG. 6, the semiconductor structure
600 includes a chip region 101, a seal ring region 103
surrounding the chip region 101, and a scribe line region 102
surrounding the seal ring region 103. The seal ring region
103 includes an outer seal ring structure 601 and an inner
seal ring structure 602. From a top view, according to some
embodiments of the present disclosure, the mner seal ring
structure 602 surrounds the chip region 101, and the outer
seal ring structure 601 surrounds the inner seal ring structure
602. The outer seal nng structure 601 and the inner seal ring
structure 602 form an H-shaped ring structure by a plurality
ol block-shaped connecting portions 603.

In some embodiments, as shown 1n FIG. 6, the width of
the outer seal ring structure 601 1s the second width W2, the
width of the inner seal ring structure 602 1s the fourth width
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W4, and the width of the block-shaped connecting portion
603 1s the third width W3. In some embodiments, the second
and fourth widths W1 and W2 are 1n a range from about 0.2
um to about 10 um, such 2 um. The third width W3 1s 1n a
range from about 0.2 um to about 10 um, such 6 um.

Subsequently, please refer to FIG. 6 along with FIGS. 6 A
and 6B. FIG. 6A 1s a cross-sectional diagram along the line
segment A-A' shown 1n FIG. 6. FIG. 6B 1s a cross-sectional
diagram along the line segment B-B' shown 1n FIG. 6. It
should be noted that FIGS. 6 A and 6B do not illustrate all of
the elements ol a semiconductor 600 for the purpose of
simplicity and clarity.

As shown 1n the cross-sectional diagram of FIG. 6A and
the top-view diagram of FIG. 6, according to some embodi-
ments of the present disclosure, the substrate 201 can be
divided into the chip region 101, the seal ring region 103,
and the scribe line region 102. According to the embodiment
of the present disclosure, the materials and the formation
methods of the substrate 201, the 1solation structures 202,
203, the doped region 204, the interlayer dielectric layer 211,
the mter-metal dielectric layer 212, and the passivation layer
213 1llustrated in FIG. 6 A are substantially the same as those
of the structures shown i FIG. 2A-1. The details are not
described again herein to avoid repetition.

In the seal ring region 103 1llustrated 1n FIG. 6A, the outer
seal ring structure 601 and the inner seal ring structure 602
are arranged sequentially and 1n order toward the chip region
101 in the seal nng region 103. As shown 1n FIG. 6A, 1n
some embodiments, the outer seal ring 601 may include a
first stack of metal layers which consists of a plurality of first
contacts 603, a plurality of vias 606, 607, and first metal
layers 608, 609, and 610. The inner seal ring structure 602
may include a second stack of metal layers which consists of
a plurality of first contacts 611, a plurality of vias 612, 613,
and second metal layers 614, 615, and 616. According to
some embodiments of the present disclosure, the cross-
sections of the plurality of first contacts 605 and/or the
plurality of vias 606, 607 included in the outer seal ring
structure 601 and the plurality of first contacts 611 and/or the
plurality of vias 612, 613 included in the inner seal ring
structure 602 may be ring-shaped vias from a top view. The
contour of the ring-shaped vias may be substantially similar
to the ring-shaped contour of the first contacts 205 and/or the
plurality of vias 206, 207 illustrated in FIG. 2-2. The details
are not described again herein to avoid repetition. In some
embodiments, the contour of the ring-shaped vias may be
substantially similar to the rng-shaped contour of the outer
seal ring structure 601 and the inner seal ring structure 602.

In some embodiments, the first contacts 605 included in
the outer seal ring 601 are embedded in the interlayer
dielectric layer 211 and contact the doped region 204 of the
substrate 201. The vias 606, 607, and the first metal layers
608, 609, and 610 included 1n the outer seal ring 601 are
embedded 1n the inter-metal dielectric layer 212, wherein the
first metal layers 608, 609, and 610 are clectrically con-
nected with each other by the vias 606, 607. In some
embodiments, the bottommost first metal layer 608 directly
contacts the first contacts 603.

In some embodiments, the first contacts 611 included i1n
the mner seal ring 602 are embedded in the interlayer
dielectric layer 211 and contact the doped region 204 of the
substrate 201. The vias 612, 613, and the second metal layers
614, 615, and 616 included 1n the inner seal ring 602 are
embedded 1n the inter-metal dielectric layer 212, wherein the
second metal layers 614, 615, and 616 are clectrically
connected with each other by the vias 612, 613. In some
embodiments, the bottommost second metal layer 614



US 10,692,786 Bl

13

directly contacts the first contacts 611. Furthermore, as
shown 1n FIG. 6A, one layer of the first metal layers 608,
609, and 610 and a corresponding layer of the second metal
layers 614, 615, and 616 (c¢.g. the first metal layer 608
corresponding to the second metal layer 614) are in direct
contact with the same one of the block-shaped connecting
portions 603. In some embodiments, the distance between
the edge of chip region 101 adjoin the seal ring region 103
and the edge of the second metal layer 614 of the inner seal
ring structure 602 adjoin the chip region 101 1s the third
distance D3. In some embodiments, the third distance D3 1s
not less than 10 um, such as 1n a range from about 10 um to
about 100 um.

In some embodiments, the materials and the formation
methods of the first contacts 605, 611 and the vias 606, 607,
612, and 613 are substantially the same as those of the first
contact 205 and the vias 206, 207 illustrated in FIG. 2A-1.
The details are not described again herein to avoid repeti-
tion. In some embodiments, the materials and the formation
methods of the first metal layers 608, 609, and 610 and the
second metal layers 614, 615, and 616 are substantially the
same as those of the metal layers 208, 209, and 21
illustrated 1n FIG. 2A-1. The details are not described again
herein to avoid repetition. In some embodiments, the mate-
rials and the formation methods of the block-shaped con-
necting portions 603 are substantially the same as those of
the metal layers 208, 209, and 210 1illustrated 1n FIG. 2A-1.
The details are not described again herein to avoid repeti-
tion.

In some embodiments, one layer of the first metal layers
608, 609, and 610 and a corresponding layer of the second
metal layers 614, 615, and 616 (e.g. the first metal layer 608
corresponding to the second metal layer 614, the first metal
layer 609 corresponding to the second metal layer 615, and
so on) can be formed simultaneously 1n the same process for
forming the metal layer. The block-shaped connecting por-
tions 603 corresponding to the first metal layer and the
second metal layer can also be formed simultaneously 1n the
same Process.

As shown 1n FIG. 6A, in some embodiments, the passi-
vation layer 213 1s disposed on the inter-metal dielectric
layer 212 and covers the outer seal ring structure 601 and the
inner seal ring structure 602. The passivation layer 213 can
protect the underlying layers and provide physical 1solation
and structural support. In some embodiments, an opening O
can be formed in the passivation layer 213 to expose a
portion of the block-shaped connecting portions 603
between the outer seal ring structure 601 and the inner seal
ring structure 602. When performing the dicing process in
the scribe line region 102, the opening O can reduce the
transier of external stress to the seal ring region 102.

Subsequently, please refer to FIG. 6B. FIG. 6B is a
cross-sectional diagram along the line segment B-B' shown
in FIG. 6. The cross-sectional structure 1llustrated in FIG. 6B
1s substantially the same as the cross-sectional structure
illustrated 1n FIG. 6 A, and the difference 1s that the cross-
sectional diagram 1n FIG. 6B do not include the block-
shaped connecting portion 603. Thus, the opening O of the
passivation layer 213 exposes the inter-metal dielectric layer
212.

According to FIGS. 6, 6A, and 6B, the semiconductor
structures 600 provided in the embodiments of the present
disclosure includes the outer seal ring structure 601, the
inner seal ring structure 602, and the block-shaped connect-
ing portions 603 1n the seal ring region 103. The H-shaped
ring structure, formed by connecting the outer seal ring
structure 601 and the inner seal ring structure 602 by the
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block-shaped connecting portions 603, can prevent
mechanical damage of the die during the dicing process and
prevent the invasion of moisture and chemical contaminants.
In addition, the H-shaped ring structure has a certain cush-
ioning ellect which can effectively increase the affordable
stress value of the seal ring structure and thereby protect the
dies.

Please refer to FIG. 7. FIG. 7 1s a top-view diagram
illustrating a portion of an exemplary semiconductor struc-
ture 700, according to yet other embodiments of the present
disclosure. As shown in FIG. 7, the semiconductor structure
700 includes a chip region 101, a seal ring region 103
surrounding the chip region 101, and a scribe line region 102
surrounding the seal ring region 103. The seal ring region
103 includes an H-shaped ring structure and second seal ring
structures 105, 106. In some embodiments, the H-shaped
ring structure 1s formed by connecting the outer seal ring
structure 601 and the mnner seal ring structure 602 by the
block-shaped connecting portions 603. From a top view,
according to some embodiments of the present disclosure,
the second seal ring structures 105, 106 surround the chip
region 101, and the H-shaped ring structure surrounds the
second seal ring structures 105, 106.

Subsequently, please refer to FIG. 7 along with FIG. 7A.
FIG. 7A 15 a cross-sectional diagram along the line segment
A-A' shown 1 FIG. 7. It should be noted that FIG. 7A does
not 1llustrate all of the elements of a semiconductor 700 for
the purpose of simplicity and clarity. The cross-sectional
structure 1llustrated 1n FIG. 7A 1s substantially the same as
the cross-sectional structure illustrated 1n FIG. 6A, and the
difference 1s that the cross-sectional structure illustrated 1n
FIG. 7A includes the second contacts 105A, 106A and the
polysilicon ring structures 105B, 106B included in the
second seal ring structures 105, 106. In some embodiments,
the details regarding materials and the formation methods of
the second contacts 105A, 106 A and the polysilicon ring
structures 105B, 1068 can be found in the description of
FIG. 2A-2. The details are not described again herein to
avoid repetition. In some embodiments, the distance
between the edge of chip region 101 adjoin the seal ring
region 103 and the edge of the second metal layer 615 of the
inner seal ring structure 602 adjoin the chip region 101 1s the
third distance D3. In some embodiments, the third distance
D3 1s not less than 10 um, such as in a range from about 10
um to about 100 um.

FIG. 8 1s a top-view diagram 1illustrating a portion of an
exemplary semiconductor structure 800, according to other
embodiments of the present disclosure. In some embodi-
ments, the semiconductor structure 800 1llustrated in FIG. 8
1s substantially the same as the semiconductor structure 700
illustrated 1n FIG. 7, and the difference 1s that the polysilicon
ring structures 1058, 1068 included 1n the second seal ring
structures 1035, 106 are connected to each other by a plurality
of block-shaped connecting portions 401 to form an
H-shaped ring structure. In some embodiments, the block-
shaped connecting portions 401 are formed of polysilicon,
and the block-shaped connecting portions 401 and the
polysilicon ring structures 1058, 106B are formed simulta-
neously in the same process. By the arrangement of the
H-shaped ring structure of the second seal ring structures
105, 106, the second seal ring structures 105, 106 may be
firmer. The contact area between the second sealing ring
structures 105, 106 and the interlayer dielectric layer 211 can
be increased, and thereby better mechanical strength can be
provided and the cushioning eflect to prevent the internal
stress and external stress around the chip region can be

enhanced.
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FIG. 9 1s a top-view diagram 1llustrating a portion of an
exemplary semiconductor structure 900, according to other
embodiments of the present disclosure. In some embodi-
ments, the semiconductor structure 900 1llustrated in FIG. 9
1s substantially the same as the semiconductor structure 700
illustrated 1n FIG. 7, and the difference 1s that the polysilicon
ring structure 105B 1ncluded 1n the second seal ring structure
105 of the semiconductor structure 900 has a plurality of
protruding portions S01A, and the polysilicon ring structure
1068 included in the second seal ring structure 106 of the
semiconductor structure 900 has a plurality of protruding
portions 501B. The protruding portions 501A protrude
beyond two opposite sides of the polysilicon ring structure
1058, and the protruding portions 501B protrude beyond
two opposite sides of the polysilicon ring structure 106B.
The protruding portions 501 A and the protruding portions
501B are arranged 1n a staggered order. In some embodi-
ments, the protruding portions 501A, 501B are formed of
polysilicon, and the protruding portions 501A, 501B and the
polysilicon ring structures 1058, 1068 are formed simulta-
neously in the same process. By the arrangement of the
polysilicon ring structures 105B, 1068 having protruding
portions 501A, 501B included in the second seal ring
structures 105, 106, the contact area between the second
sealing ring structures 1035, 106 and the interlayer dielectric
layer 211 can be increased, and thereby the 1solation and the
cushioning effect to prevent the mternal stress and external
stress around the chip region can be enhanced.

According to FIGS. 7-9, the semiconductor structures
700, 800, and 900 respectively includes H-shaped ring
structure and polysilicon ring structures 1058, 106B 1n the
seal ring region. By the shapes, structures, and arrangements
of the polysilicon ring structure and the H-shaped ring
structure, formed by connecting the outer seal ring structure
601 and the 1nner seal rng structure 602 by the block-shaped
connecting portion 603, can prevent mechanical damage of
the die during the dicing process and prevent the mvasion of
moisture and chemical contaminants. Therefore, the protec-
tion that the seal ring structure provides to the dies can be
cllectively enhanced and thereby increase the eflective
active area of the chip region within the seal ring structure.

The foregoing outlines features of several embodiments
so that those skilled 1n the art may better understand the
aspects of the present disclosure. Those skilled 1n the art
should appreciate that they may readily use the present
disclosure as a basis for designing or modifying other
processes and structures for carrying out the same purposes
and/or achieving the same advantages of the embodiments
introduced herein. Those skilled 1n the art should also realize
that such equivalent constructions do not depart from the
spirit and scope of the present disclosure, and that they may
make various changes, substitutions, and alterations herein
without departing from the spirit and scope of the present
disclosure.

What 1s claimed 1s:

1. A semiconductor structure, comprising:

a substrate having a chip region and a seal ring region;

a first insulating layer disposed on the substrate;

a second insulating layer disposed on the first insulating
layer;

a first seal ring structure disposed in the seal ring region
and embedded 1n the first insulating layer and the
second insulating layer, wherein the first seal ring
structure comprises a stack of metal layers;

a second seal ring structure disposed i1n the seal ring
region and embedded 1n the first insulating layer,
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wherein the second seal ring structure comprises a
polysilicon ring structure; and

a passivation layer disposed on the second 1nsulating layer
and the first seal ring structure;

wherein from a top view, the seal ring region surrounds
the chip region, wherein the second seal ring structure
surrounds the chip region and the first seal ring struc-
ture surrounds the second seal ring structure.

2. The semiconductor structure as claimed in claim 1,
wherein the first insulating layer i1s an interlayer dielectric
layer, and the second insulating layer i1s an inter-metal
dielectric layer.

3. The semiconductor structure as claimed in claim 1,
wherein the stack of metal layers comprises:

a plurality of first contacts embedded in the first insulating,
layer and contacting a doped region in the substrate;
and

a plurality of metal layers embedded 1n the second insu-
lating layer electrically connected to each other through
a plurality of vias, wherein a bottommost layer of the
plurality of metal layers 1s electrically connected to the
plurality of first contacts.

4. The semiconductor structure as claimed in claim 1,
wherein the polysilicon ring structure and a gate structure in
the chip region are 1n a same level.

5. The semiconductor structure as claimed in claim 1,
wherein the polysilicon ring structure comprises at least two
polysilicon layers and a dielectric layer disposed between
the polysilicon layers.

6. The semiconductor structure as claimed 1n claim 1,
wherein the polysilicon ring structure 1s disposed on an
1solation structure in the substrate.

7. The semiconductor structure as claimed 1n claim 3,
wherein the second seal ring structure further comprises a
second contact, wherein the second contact 1s disposed on
the polysilicon ring structure and only embedded in the first
insulating layer, and the second contact and the plurality of
first contacts directly contact the bottommost layer of the
plurality of metal layers.

8. The semiconductor structure as claimed in claim 7,
wherein the plurality of first contacts and/or the plurality of
vias comprised 1n the stack of metal layers are ring-shaped,
and the second contact 1s ring-like shape composed of
discrete holes from a top view.

9. The semiconductor structure as claimed i1n claim 1,
wherein the second seal ring structure further comprises a
plurality of polysilicon ring structures, and a distance
between the plurality of polysilicon ring structures 1s 1n a
range from about 0.2 um to about 10 um.

10. The semiconductor structure as claimed in claim 9,
wherein the plurality of polysilicon ring structures are
connected to each other by a plurality of block-shaped
connecting portions to form an H-shaped ring structure.

11. The semiconductor structure as claimed 1n claim 9,
wherein from a top view, each of the plurality of polysilicon
ring structures has a plurality of protruding portions which
protrude beyond two opposite sides of a corresponding one
of the plurality of polysilicon ring structures, and the plu-
rality of protruding portions of different ones of the plurality
of polysilicon ring structures are arranged 1n a staggered
order.

12. The semiconductor structure as claimed 1n claim 1,
wherein a distance between an edge of the chip region and
the first seal ring structure i1s not less than 10 um.

13. A semiconductor structure, comprising:

a substrate having a chip region and a seal ring region;

an insulating layer disposed on the substrate;
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an outer seal ring structure disposed 1n the seal ring region
and embedded in the 1nsulating layer, wherein the outer
seal ring structure comprises a stack of first metal
layers;

an 1nner seal ring structure disposed 1n the seal ring region

and embedded 1n the insulating layer, wherein the inner
seal ring structure comprises a stack of second metal
layers; and

a passivation layer disposed on the outer seal ring struc-

ture and the inner seal ring structure;

wherein from a top view, the seal ring region surrounds

the chip region, wherein the mmner seal ring structure
surrounds the chip region and the outer seal ring
structure surrounds the inner seal ring structure, and the
outer seal ring structure and the inner seal ring structure
form an H-shaped ring structure by a plurality of
block-shaped connecting portions.

14. The semiconductor structure as claimed 1n claim 13,
wherein the stack of first metal layers comprises:

a plurality of first contacts contacting a doped region in

the substrate; and

a plurality of first metal layers electrically connected to

cach other through a plurality of first vias, wherein a
bottommost layer of the plurality of first metal layers
directly contacts the plurality of first contacts.

15. The semiconductor structure as claimed 1n claim 14,
wherein the stack of second metal layers comprises:

a plurality of second contacts contacting the doped region

in the substrate; and

a plurality of second metal layers electrically connected to

cach other through a plurality of second vias, wherein

a bottommost layer of the plurality of second metal

layers directly contacts the plurality of second contacts;

wherein a layer of the plurality of first metal layers 1s

clectrically connected to a corresponding one of the

plurality of second metal layers through one of the
plurality of block-shaped connecting portions.

16. The semiconductor structure as claimed 1n claim 13,
wherein the passivation layer has an opeming which exposes
a part of the plurality of block-shaped connecting portions.

17. The semiconductor structure as claimed 1n claim 13,
wherein from a top view, widths of the outer seal ring
structure and the inner seal ring structure are 1n a range from
about 0.2 um to about 10 um.

18. The semiconductor structure as claimed 1n claim 13,
wherein from a top view, a width of the plurality of block-
shaped connecting portions 1s 1n a range from about 0.2 um
to about 10 um.
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19. A semiconductor structure, comprising;:

a substrate having a chip region and a seal ring region;

a first msulating layer disposed on the substrate;

a second 1nsulating layer disposed on the first insulating

layer;

an outer seal ring structure disposed 1n the seal ring region

and embedded in the first sulating layer and the
second imsulating layer, wherein the outer seal ring
structure comprises a stack of first metal layers;

an mnner seal ring structure disposed 1n the seal ring region

and embedded 1n the first msulating layer and the
second imsulating layer, wherein the inner seal ring
structure comprises a stack of second metal layers,
wherein the outer seal ring structure and the inner seal
ring structure form an H-shaped ring structure by a
plurality of block-shaped connecting portions;

a polysilicon nng structure disposed in the seal ring

region and embedded in the first insulating layer; and

a passivation layer disposed on the second insulating

layer, the outer seal ring structure, and the nner seal
ring structure;

wherein from a top view, the seal ring region surrounds

the chip region, wherein the polysilicon ring structure
surrounds the chip region, and the H-shaped ring struc-
ture surrounds the polysilicon ring structure.

20. The semiconductor structure as claimed 1n claim 19,
wherein the polysilicon ring structure and a gate structure in
the chip region are 1n a same level.

21. The semiconductor structure as claimed 1n claim 19,
wherein the polysilicon ring structure comprises at least two
polysilicon layers and a dielectric layer disposed between
the polysilicon layers.

22. The semiconductor structure as claimed 1n claim 19,
further comprising an additional polysilicon ring structure,
wherein the plurality of polysilicon ring structures are
connected to each other by a plurality of polysilicon con-
necting portions to form an H-shaped polysilicon ring struc-
ture from a top view.

23. The semiconductor structure as claimed 1n claim 19,
turther comprising an additional polysilicon ring structure,
wherein each of the plurality of polysilicon ring structures
has a plurality of polysilicon protruding portions which
protrude beyond two opposite sides of a corresponding one
of the plurality of polysilicon ring structures, and the plu-
rality of protruding portions of different ones of the plurality
of polysilicon ring structures are arranged 1n a staggered
order from a top view.
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